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Abstract of WO 021 1 1 94 (A1 ) 
A single crystal cutting method comprising the step 
of feeding to the vicinity of a cutting section a gas 
containing a gas molecule or radical which reacts 
with single-crystal constituting atoms to provide a 
stable gas molecule, while irradiating the cutting 
section with very short pulse laser to cut the single 
crystals. This provides a method of cutting silicon 
single crystals using laser processing, wherein 
single crystals are processed while ensuring a 
satisfactory cut surface and very little cutting loss. 
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(57) Abstract: A single crystal cutting method comprising the step of feeding to the vicinity of a cutting section a gas containing 
O a gas molecule or radical which reacts with single-crystal constituting atoms to provide a stable gas molecule, while irradiating the 

O cutting section with very short pulse laser to cut the single crystals. This provides a method of cutting silicon single crystals using 
laser processing, wherein single crystals are processed while ensuring a satisfactory cut surface and very little cutting loss. 



WO 02/11194 Al Ilia 



(57) gfa: 



WO 02/11194 



PCT/JP01/05891 



1 

m b * 

5 

10 Hlk&W 

J/!I3J/ (S i ) J^^P !7-^« ( G a A s ) tftl^5lg|^^l^ 
f-s * ?/V**-8s (CZjfe) ^7P-f^//-yft (FZ|) fc^&ftjsi 

15 KJ; S5Wrftfc*l>fc< i"5 £ t tiot, 1 J^&igp n n?^-^£ 

5»Htttt**»fcJ£< USSR £ ft "O^. 

ft k^ft^^T^ U = 19 W i" BS Id f± §J 19 L5dS^S"t?&5 fc 

— ^Dfcfe^fcD 2 0 0 h mU&tDWWr n *#>3f bftfefro fc Q !7 

^lact^lftcn^^ics. £ fc^ r. © J; 5 fe «tt W im I T? tt ^ M 



WO 02/11194 



PCT/JP01/05891 



2 

Sfcjpxi-SjfcSiSfcS. its fli ft 9 ©SB&Sr&SU- 

ifc#S£>ftv> t v> 5 flljifcj&sfc 5. L^t, u-if;&qxte3§fH£<fc if© 181 » 

% otitis v-if *PX£ n mi^;v&T©toX»g;&sg3ft£;h,3¥£ft;&nxt::jS 
10 i©IHH*#ftbJ; 5 Lt, ¥«ft££&#»rU:mw&ftje®^A':*i'- 
X£fr5i, ajas#W^Jl!R- : ?-S»0«SiNPWilBlV'^^t*?>N B$i1-5££ft 

ft ai^ /v a? flSfl^ * §3 if -T 5 ^ K & g ft ^ * ^ K E5»-f 5 * > SJ v^ ft 
^**«s#btbieia-iftS&45»BX^FrlBtft5o PJH^fc* ig^;^ IZlJEEie Lfc 
i^-Hfji^^^^^^^^w-^^^x^t < ftSfcfe, 2 ft BUR ft 2f©#&E* 

20 L*»U c©£ 5 ftil^/^ i"-1f i-ck « ©J Wf^«fet^ iP^JBffcJ; t) 
U^J^^^%K^Jpx«^#ic:W## Lfc 19 , M®©¥ffi&tfM#b;ftft^ 

If^fciS u-lfSOIWfefcS'JJ 3 ^©^^©^^^©^ Ltk A 



WO 02/11194 



PCT/JP01/05891 



3 

k^Lx^m^n^^^k^^n.^^^t^^y^^^^tts^^^mm^^: 

25 iS"T?*So 



WO 02/11194 PCT/JP01/05891 

4 

^©iSKizkS?^^*^©;^.**©!**:! 0 %^Tl-« Lfc^-ey 
5 O&^KSO. 1 ~ 5 % t-fs £ k LV> 0 

r. SJSrfU* 5 m m^TtfoS t>(D k-t&Z. kffi-?% Z 0 

10 £©£5fc, #3893 © v-lf API t £ U ¥iiA **»«T?&#3fc§I 

MB HHfifft*^-^©* § Urn) /^fc ? 

©tt (mm) ^ 3 t U|g| *^-^&§J»r-f- § CI k ^TT* 5 0 
15 £©£5!^ *»^©9J»f*-|feJ±^-1f*PXK: i 01*1* ft SO 

Bfffi-C93llf1-« - £ 5©T% ¥*£ft?^-^©*§ (Mm) /Wm&V*- 

— ^©Ifcft (mm) ^ 3 i V^o fc®£>-t#V^^-^£:i5U 0 HJ r. fc # T $ 

Bfr|3^^^^E)> Botfly ft© [100] ttCSL, [on] 
jjfa\Z.a (0° < a < 9 0 0 ) % [01-1] IE 0 (0° <j3<90° ), [1 

20 0 - 1 ] [101] \ZL y (0 0 =s y < 4 5° ) ©#*$£ g £#1" 

SjB*fcJ±Rffit^flff3feffii:*5 i 5 R:¥^ft * &£JBr 1" 5 £ i L 

J6lftlR&I*)£^5#feflS|31J8$axfcfc8> (2000 Symposium on VLSI Technology, 
25 Honolulu, Hawaii, June 13th-15th, 2000 "Advantage of Radical Oxidation for 
Improving Reliability of Ultra-Thin Gate Oxide"#l$h W It^^f^ 



WO 02/11194 



PCT/JP01/05891 



5 



m<V»t>©fc*5„ $oT, #§J®r;tf&fc: J: 9 , c © J; 5 ft® 5 
15 ®T*&5o 

121 3 te^^i. MJ^^j/v i^-if SrfflV^fc l^-1fJPX«©8EI«»jtBI"CS>5, 
H 4 ft, *mW(D-%m\z. £ V Bll&rf 5¥tt*£^-^0»* LV<»E#ffc&&E 



IS 88 % ^Jfei" 5 fc » © ft ft ©M 



20 



WO 02/11194 



PCT/JP01/05891 



6 

10 Bf-fSo s i - s i is#fcjliffl^^^ 1 — -9" te± v^mir* k ^g^l^-t© s 
i a* Seta § *x 5 as, :©s i tt**9^*^fcKJ6L*c>Fettfts i h 4 #* k 
fc« 0 tit, iH 4 i/^^i^itiltil &&*§ii»iBT?S!i*a< 

15 fc^o 

20 u-1f<Z)fi&*Ni* it^lS!ijg*3 £ K PI JH S! Q * W 3/ 

^3: V-ifH J; 9 fr 5o iX^cD*^}4-)^^}r n s e c **-?~-kU 

&tl<, fcfcttfKrFx^^t6ns ecllt&S. Lfc«So"T, *T3& 
t£Qx4 yW—fk L-r»f^S*«fcftl!:*iS»ftSr 1 . 5 mgSRTtUS 

t5o :^CJ:!Jl/'-f(Dl^^ (CS*t*SNPraa s 5 n s e c SS£tTtfS^*e# 

ff 5 - tasttj*5. "t-fttJfe, 3i^5/-^©**ilBlS«©*3lEl*|ltlSrWo J: 5 ft 

«£§£i£tf--T3 r 9, Q^^yf i/-f i l raft fears' 



WO 02/11194 



PCT/JP01/05891 



7 

5 £fc, IW]H#^^3tifffill^ 1 mm 2 ^f> 1 0 mm 2 |Ilut5 - fc ^ 

K r F^^f Mfc&gftl&fil&S 1 • 3 MW/ cm a t^ 5 $ ft T ffi 

5, t£*0Sffi&£JB Lfc®ie# 5 - fc £ ot, 

m l l^-«i#HS7^ftl:: i y ^ b$tt*§ifi 1000 

15 £fc*t#l3££^1-o HffiT yft l o l * p^^^p 5/ f7 u^f 

tfiM©^^ tr yfi:HS7vfti o i tfjfc*»&&*r»!iK*-r5 - t-e^ 

M10 2 ^blWJii^-CScffi SftfcvW * aifcfti$-4fc$« 1 0 3 

25 t 8 0 f s e cg|) t*S"STl6t?fc5„ u©t5 fcS£|HSjfc«rfflV^£ 

T% ftli (M Q 51 LJWifcSfc^GH z h ( p s e c frb f 

HI 2 fettiftSli^i^t. ±TtElStlfc^-fl5ii#Hl7y 



WO 02/11194 PCT/JP01/05891 

8 

^■*-fcJ: 5 Effete*-* V v ym&Jj&fc X ^7^ 2 0 4 SraetSc £fc 
;oj:5 fc§£EflSfifc& t 5 - i te£ 9 ^ a^-s^ u-if KKSIQ*^ y ^ 

fflasif LV^ (XeCl, KrF, ArFV-f) flS % iRfciSiSW*© 5 7 - ^ 
0 tr-A7g#tt If MSI 3 0 0 ©ffi^J^K:t£S£ftfcil«^ 3 0 1 £ 

^©^*-^j&sfcl*§;h/3£fcttW5S"C 1 l>fcv ,k . JqX4S»<B 2^fc^B!lfcr4iH 

Ja^te^£S5 3 0 3 flSfBBSftSo Mftf^ 3 0 3 |2L*5V-Ctt5jZffl«©i«V^ 5 7 - 

20 iffc5&-Cs Mf£^A1~§ d 4: J; 9 Mt5, £fcs ^-f A V <&*fc if 

*nX©0£©#BllSL •t^^-fe»7 P D 3 0 2 0rt8&f3\ ^*&iffc£ 

»^©«#&©^§ictes SSSJWX • 3*— ^-©¥i&® SrfcSfc* fc** 

tt* S i H 4 #* i Itl^tS ii:l:J:!3, M^^-> 0 =» V © Stt* £ P£f\ 



WO 02/11194 



PCT/JP01/05891 



9 

-ftfcfc <3 5 m i ntfeS it5 ^ fiDXjigte 1 mm/ sect 

4 5, ; <Di§i&\±MfX 0.33SLM(Standard Liter per 
minute) © H 3 . fc*5-<&#£\ 0 * * * s * 

£^ 6 0 WfiJgroW u--ifffl*35Sfcjxm;V^. ^ ©H 2 ^A r ia !) 0 . 
5 1-10 %\Z.ftM l> liS^S i t ©Rjfett&|fiiI±'t5fc»N i^Pt fOill 

10 inlRl-tntf^^^SrBfeli'T?^ 5o ft*3, lmm/s e c (DiDllfi: i 0 ADl 

i ttS^^k: S i H 4 #* i ft 5 ^-A^cftffl^ti^fcii), ^g§|^0 S i 
15 tttfeSSi H 4 te!UHX-f?*iJ/81-5- t So 

y x> y^b^U-fc^-a-l-l^ itfe 2 o o mmO^-^tJi^s 7 0 

20 0 ~ 8 0 0 n mg|Ot) (D SrUDBfi" 5jK>H* s *>o fcO* % *3BK O^iSSS l> ^ — 
✓>T?f±::ft«fc!?f5<1-5£2:j3 s *e£> #I x. 2 0 Omm0!)i^ tf $ 

6 0 0 n mKTOt© i fc Brtt"Cfc*. ^OTcfe, «fU*'>&V^£ 



WO 02/11194 



PCT/JP01/05891 



10 

tiV^ic-^trjjQ 5 tiJi-IHtW:, $rai-^©*iE*r§$H U^"t V^T <D { 1 1 0} 

5 04}*, CL (D =fc 5 & 2£ 51 <£> 2f & <fc , 9^Diff"t" ; 5#lp^^ ;nw "'' N ^>^f'^L' , / , >® 

ffl-*-**!* * = -^0>ffi:*rfl d>ac->^«Bln©lfelft*l^) Sr*LT*3Us [10 
0] m (Xm i-*f U [01 1] XfalZ a (0° < a < 9 0 ° K [0 1-1] 
# fa IE 0 (0° < 0 < 9 0 0 K [10-1] # fite 7 (0° <7<45° ) COffi 
10 &££&*rLT^5o 

:oiBJi![i>{ift5l»l!>x^tt, g&Bffi-e&s (o 1 i) ®, 

(01-1) Ms (10-1) m^fc-ttU^n^l* a s £s 7 £»t«$LfciE& 

Mte, ^J^-C&<9, #38 91 OflpffFW * © ISIS !^W2« § nfc&flflttM 

5 ^>(dx* fo<>x b*%W(D &m#)&m left's; ^ix5„ 
09*.tf, ±f5JHM!iX*«, #»r&iE#£7k£7^;fr^£^tf#*^ 

-c^w-a^, ci 2 , bci„ nf 3 m(Dmnjfx£%^^x-bmnv>%s&ft'& 

a As, GaP, UP, #tfftWSI, t> SUBrlff fc^S&'t" 3 flPXtf 

^Sr'SMft (H 2 , C C 1 4 , C H 3 B r , HClf) "f 5 £ b <fc <9 [H^^AD 
25 Itft 5 C t t>t 5 4tft> fcV^„ 



WO 02/11194 



PCT/JP01/05891 



11 

nt * © m m 

IB *&©¥!£ ,§©«#&<, 
10 3. SfTlBSM^^^ u-iFflS^e- KUWMQ*^ y ^ v-1f "C fc 5 £ fc 

3 ©V^ ftjO> 1 «}C|B*(0*ie*09I»f^«feo 

15 

1 ^i-lEst©*l£ll©M;fr?£ 0 
25 8. MlB^S.^, ^1,^-/n©J¥$ Um) * a-'N ©*& (m 



WO 02/11194 



PCT/JP01/05891 



12 

a (0° < a< 9 0° K [ 0 1 - 1 ] # [fi] £ 0 (0° < j3 < 9 0 0 K [10-1] 
jjfa^tztt [101] ^ftRl-y (0° s£ y < 4 5° ) ©M^S^tt^ffi^fc 



WO 02/11194 



PCT/JP01/05891 




WO 02/11194 



PCT/JPO 1/05891 



2/2 

m 3 



304 305 




y 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/05891 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01L21/304 



According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L21/304, H01L21/301, B28D5/00 



Documentation searched other than minim um documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shinan Toroku Koho 1996-2001 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 


JP 5-299500 A (Kobe Steel, Ltd.), 
12 November, 1993 (12.11.93), 
Par. No. [0018] ; Fig. 1 
Par. No. [0018] ; Fig. 1 
(Family: none) 


1-3,6-8 
9 


Y 


JP 3-61634 B2 (Shin Etsu Handotai Co., Ltd.), 
20 September, 1991 (20.09.91), 
Claims ; Figs . 1 to 2 
(Family: none) 


9 


A 


EP 776031 A2 (Daido Hoxan Inc.), 

28 May, 1997 (28.05.97), 

Full text; Figs. 1 to 14 

& JP 9-141645 A & US 5912186 Al 


1-8 



| I Further documents are listed in the continuation of Box C, LJ See patent family annex. 



"A" 
"E" 



"O" 



Special categories of cited documents: 

document defining the general state of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international filing 

date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 



"X" 



"P" document published prior to the international filing date but later "&" 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document ofparticular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
01 October, 2001 (01.10.01) 


Date of mailing of the international search report 
09 October, 2001 (09.10.01) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Vnrm PCTT/TR A 10 .1 0 (WrmH CTnln 1QQT> 



SfflM#-J§- PCT/J PO I/O 5 8 9 1 



a. wmm-zftmcn'm mwm#m. (ipc)) 

Int. CT H01L21/3 04 



SHESrfTofcft*RBS# (IPC) ) 

Int. CI' H01L2 1/3 04, H01L21/301, B28D5/00 



B*lB*ffl«3B4^R 1 9 2 2- 1 9 9 6^ 

mm&mnm^m 1 9 7 1 - 2 0 0 1 ¥ 

1 9 94-200 1^ 
1996-200 1^ 



suss*© 



gt»(D<ijB|lP#-^ 



X 
Y 



JP 5-299500 A W&&WPFW&Kf5ft 
12. 1 1.3. 1993 (1 2. 11. 9 3) 

[0 0 1 8] , [HI] 
ft* [0 0 181 , [01] 

JP 3-6 1 6 3 4 B2 Off jB^NfflcBaS^tfc) 
2 0. 9J3. 1 9 9 1 (2 0. 0 9. 9 1) 

mm^wm, 11-211 
(77 ? y-fcu 



1-3, 6-8 
9 



□ ^fyb7r 5 !> -fcH-f-5Si]iK4:#JS 



t>© 

TEJ SKSfflBSBKrcttJHS/tBWflTT?*©^, HBSffllSB 

(3ft £#-!-) 

rpj SBRttMBBtn?, a»offiSfc*©£K©£8Si*5ttl«g 



©B©& ftfclfciJ; 
rxj ttmBBarofc-SXiK^fcoT, ^^«©^-t« 

r&j n—'*?~y\-y7%y—3M. 



0 1. 10. 0 1 



09.10.01 



B^H^rp^r (I SA/J P) 
Sfl!## 100-8915 
acSPB** 1 ft EB EH A* §j = T B 4 # 3 ■§ 



3 P 



2 9 19 



WW*** W©fe5^*) 



flttSS-g- 03-3581-1101 fall 3362 



iSPCT/ISA/2 10 (|2^) (1 9 9 8¥7^) 



mmmm^ pct/j po i/o 5 s 9 1 



c cat) 



EP 776031 A2 (DAIDO HOXAN INC. ) 
28. 5J3. 1997 (28. 05. 9 7) 
±X, 01-14 

& JP 9-141645 A & US 5912186 



1-8 



A 1 



KPCT/ISA/2 10 (i52^— 



(19.9 8¥7J) 



